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e The use of ANN's is popular.

> DO has used them extensively in studying ttbar decays.
> Top and Higgs analyses in Run |
> Today at the Weak Interactions Discussion Group:
> Presentations of Neural Net studies by L. Dudko and C. Ciobanu

e Many use JETNET

> Package (from CERN and University of Lund) that performs training
(minimization) and testing of feed-forward ANN.

> Specifically aimed at HEP.
> Anonymous ftp site: thep.lu.se
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® To make a ROOT interface to JETNET that is simple, fast, and
flexible.

o Useful JETNET and ANN links:

> www.thep.lu.se!pubIic_'ntmUjetnet_30_manual/jetnet_SO_manuaLhtml
> html:l/neuralnets!web.cern.ch.NeuralNets/nnwinHep.htmE

> www-dapnia.cea.fr/Spp/Experiences/OPAL/opalcern/nn recipe.html|
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ANN as a Multivariate ..
Classifier

o classify signal and background
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e \We want to use the ANN 1
events.
e The events are assigned (eg. in the single output case):
> 1 for signal
> 0 for background
e Discrimination is achieved b

by the ANN. |
e Technigue exploits the correlations among variables, and

provides discrimination between signal and background.

y looking at the output determined
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® ANN is a function of N variables
> Useful graphical representation:

> All nodes above the input layer
perform a simple calculation:

Output

Output = g (Z W; - Input; — Threshold)

A common activation function is: £(x) = tanh(x)
Inputl Input2 Input3
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Training and Testing ="

o Behaviour of ANN determined by e The performance of the ANN is
weights. Tested by presenting independent

e Training process adjusts the events to ANN, and finding how
often it gets the right answer.

weights:
> Present ANN with input patterns

(a group of variables from a single
event).

» Compare ANN Output with what is
expected (Target).
> Adjust the weights by minimizing a
mean square error function.
Np Out

E = ﬁ1;_22(01_(19) _ Ti(p))Z

p=1 i=1
> Repeat.
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ROQOT Interface e

e The ROOT Interface consists of two parts:

> ROOT script (root_to_jetnet.C) uses command line to:
“>Set ANN parameters (file).
“>Run the ANN
“>Plot input variables, NN performance, error, and output
>Users will modify this

> JETNET .exe (FORTRAN)
“>Expects ANN parameter file |
“>PpPerforms the Training & Testing using JETNET subroutines
“>Creates performance and weight files.
“>User would not have to touch this.
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W Using the ROOT Interface "

Example: Classify ttbar and W + jet background events.

® Input Files
> Global set of all possible inputs one may choose from
> Generated by user.
> 1 file per sample (signal, bkg1, bkg2, ...)
> Rows (Events) and Columns (Pattern Variables)

® Setthe ANN Parameters.

> eg. choose input variables, how many events to train on, number of
training cycles, number of hidden nodes, etc...

® Run JETNET

e Plot the results:
> Performance, error, ANN output

e Use the net (apply ANN to data).
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Input Variables to ANN

histos_file2 BT | [histos_filez ETE
e Input Samples .. ey [ g

> Signal - Herwig ttbar 175

> Background - Vecbos W+njet
® 9 variables:

> E;jet1,2,3

» 1 jet1,2,3

g ﬁlSSil‘lg ET a 50 ,m'-i_-aao asuaou 50 '_:;mmaemmmmmquzﬁ-m:
1 - BT * [nistos_file1 ]
> Number of jets with E; > 10 GeV, —s v S " :
and |n| < 2.75

® User may plot the variables for
input samples.

T25 1050 05 1 15 2
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ANN Parameters

e \What are they?
> Number of (and which)input, hidden, and output nodes.
> Number of Epochs(training cycles).

> Minimization technique (normal backprop, Manhattan, others...).
> [Input Samples

“>Number of Training and Testing events
“>Expected ouput pattern(target).

> Generation of “performance” and/or “weights” files.
® How are they set?

> Command line “set()” methods to change individual parameters.
> Or just edit the initial values in the script.

» getnet() to check the setup.
@ Generate a parameter file for the jetnet.exe.
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CINT/ROOT C/C++ Interpreter version 5.14.37, Apr 29 2000
Type 7 for help. Commands must ba C++ statements.
Encloss multiple statements between { }.

root [0] .L root_to_jetmet.C
root [1] setEpoch(1000)}

root [2] setMini{0)

root [3] getnet()

4% Currant JetneT pPATAMGLOrS ***
Maximum pumber of inputs = 9
Dasired input pattern = 111111111
hidden nodes = 18

output nodes = 1

input file ¢ /home/pkoehn/runi/NN/myana/topcutnn_top_mc.dat

Target pattern 1.00

avents = 10000

training events = 5000

input file 1 /homa/plkoehn/runl/NN/myana/topcutnn_vecbos_bkg.dat

Target pattern 0.00

avantas = 10000

training eventa = 5000

performance flag = O

number of epochs = 300

minimization = 1

print apew flag = 0

output directory = /home/pkoehn/runl/NN/myana/

jetnet .exe diractory = /home/pkoehn/Root_Jetnet/src/

jetnet parameter file = topcutnn_netspecs.dat

jetnet performance file = /home/pkoehn/runl/NN/myana/p_111111111_8_18_1.dat
jetnet veights file = /home/pkoehn/runi/NN/myana/w_111111111_9_18_1.dat

root [4] jetnet("111111111")

root [5] plotPerform()

root [6] plotNN(1000,"top.me.dat™,"w_111111111_9_18_1.dat")
root 7] plotNN(1000,"vachos_bkg.dat" "w_111111111_9_18_1.dat")

it Set net para weters,

& rafp P/caés
Qflf?fu/és_
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Run the ANN nei

e Different ways one may want to run:

» Run in a single shot mode, using current parameters.
> roof] ] jetnet()

> Choose different input variables and run again.
“>root[ ] jetnet(“110100111”)
» Loop over numbers of hidden nodes.
“>root[ ] jetnet(“110100111”,9,18)
“>Generates 10 performance and 10 weights files
> Loop over combinations of both

e Output is a file containing ANN weights

> Generates a .C function that produces the NN output.
“>t0 be used in other scripts and/or AC++ code.

> Plots to check NN output, it's performance as a function of the epoch
number (and number of hidden nodes).
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Plot and Check results

o Performance

"Correct"” Classifications
All Classifications

® <error"2>
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ROQOT Interface
t and Check results
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Summary -y

® We have a ROOT interface that provides a simple command
line interface to a JETNET executable.
> This script allows user to:
“>Vary number and type of input samples.
“>Change NN parameters easily.
“>Vary run modes(single, loop over inputs, hidden nodes, ...).
> Plot — input variables, NN performance, error, and output.
“>Create weights file to run on the data.
> C function based on weights file for general use.

e Future plans

> Add features:
> |nput from ROOT or Ntuple files.
“>V\/ary parameters in JETNET minimization techniques.
“>Additional hidden layers.

> Release for general consumption( in CVS repository at CDF ).
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nodes: Single Top

Page 17

@ 3-layer network
> |nput layer:: 9 input variables => 9 input nodes

> Qutput layer:: 2 nodes (minimum to accommodate three classes)
® Require: |
> Out(1) = 0, Out(2) = 0 for Wbb, Wcc
> Qut(1) =1, Out(2) = 1 for ttbar
> Qut(1) = 1, Out(2) = 0 for Wg, W*
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